Abstract-This paper is aimed at analysis of correlation between age of 132/33kV and 33/11kV transformers with furfural concentration and carbon oxides content of oil. Also, the correlation of moisture content and relative humidity of oil/paper insulation system with furfural concentration of oil is investigated. The secondary data was obtained from the raw data of research studies which have been done in Malaysia on inservice power transformers. As a result, it is not only confirmed that furfural content in the oil was increased by increasing moisture content of the oil, but also there is a good correlation and significant relationship between furfural concentration of the oil and relative humidity of oil/paper insulation system. Also, descriptive statistics such as mean, standard deviation and normal distribution of furfural and moisture content per year of service of transformers described the level of evolution of moisture and furfural for these transformers at normal temperature.
I. INTRODUCTION
Transformers are vital portion of electrical network. Unwanted outage of this equipment cause huge economical and social impacts. Hence condition monitoring of transformers is an essential task of electrical engineers. Monitoring of transformers reveals faults, probability of failures and real age or expected remained life of transformer. In fact, the end life of oil-filled transformers is strictly depends on the end life of its solid insulation i.e. paper. To assess the condition of paper it is need to access to the paper which is very difficult if not impossible. Consequently, age of paper can be estimated by its degradation by-products such as , , water and furfural (2FAL) and its relative compounds. There are many past studies on the correlation between , , moisture and furfural (2FAL) and age of transformer [1] [2] [3] [4] . Also, there are some valuable studies in contributing to scientific society for assessment the age of transformer by using paper degradation by-products in Malaysia.
One of the work has done on age estimation of the paper by Navammy et al. applying Artificial Neural Network (ANN) to estimating the age of transformers under various 2FAL, , input conditions [5] . They reported results of 24 of 132/33 kV transformers between 3-35 years of age. They successfully estimated the age of four various transformers with mean absolute error or %MAE equal to 3.72.
Another work on transformer life assessment was done by Rahim Hasan by considering the relation of the amount of furanic compounds, age, winding temperature and carbon oxides [6] . It was reported that there is no significant correlation between 2FAL content and carbon dioxide gasses. One of the most interesting conclusions of this work was increasing level of 2FAL with increasing level of moisture in the oil. Also, it was reported that below 55°C winding temperature, the furan content was high and it decreased above 55°C of winding temperature. Also, the moisture content of oil above 22 ppm with winding temperature between 40-64°C were detected in the most older 30 MVA transformers above 10 years old.
In addition, a study on paper aging assessment of 33/11kV power transformers published by Arrifin et al. at 2007 [7] . Their reported results showed that their mathematical model could estimate the DP of the paper with confidence level of 91.28%. They used , and 2FAL content in the oil as well as / ratio to relate with actual degree of polymerization (DP) of paper by using multiple linear regression technique. The ages of transformers were between 8-32 years in their populations.
Meanwhile, Tenaga National Berhard (TNB)'s experience for 707 units of in-service free breathing power transformers which with a numerous number of samples has presented very valuable survey with stress on 33/11 kV, 30 MVA operating transformers (635 units) [8] . They found that 29% of transformers are in poor conditions and 5% are very poor. They were interested to compare winding temperature by infrared thermography and measurement values as main criterion of transformer condition assessment. About 50% of population was transformers between 11-20 years and 31% of them were in poor conditions. The date of report is June 2009.
Moreover, Poniran et al. reported the results of accelerated thermal aging of paper at 150°C and 170°C in 2007 [9] . From their results they concluded furfural and 5-hydroxymethyl-2-furfural (5HMF) and moisture content can be used as a probe of aging assessment of insulating paper. However, formation of paper degradation byproducts is directly related to transformer design, type of paper, type of oil, and amount of paper while evolution of byproducts are depending on environmental and working conditions. Hence, knowledge about correlation between concentration of byproducts and age of transformer for different kinds of transformers is useful for precise evaluation of transformer condition.
II. ANALYSES FOR CORRELATION USING STATISTICAL TREATMENYT
The results of transformer samples oil for 132/33 KV and 33/11kV power transformers reported by previous researchers [5, 7] have shown a good relationship between age of transformers with 2FAL content and / (R) ratio. Table  1 shows the Pearson correlation coefficients from the results of the multiple linear regression technique. The correlation coefficients indicate that there is no significant relationship between 2FAL content and carbon oxide gasses, as mentioned by [6] . Also, more investigation showed there are no differences between statistical results of two kinds of transformers.
In addition, for better understanding of evolution of 2FAL content in the transformer oil, statistical analyses have been done on the 2FAL content of oil per years of service of transformers. Figure 1 presents the normal distribution of 2FAL/age of both 132/33 and 33/11 KV transformers. Table 2 presents the mean of age and mean of 2FAL content per year of service of transformers and their standard deviations.
The mean value of 2FAL/age (31.6 ppb/year) is much less than the expected value of 1.7 ng/g of paper/hour for working under normal condition which was mentioned by Emsley et al. [10] . For example, the average of 2FAL formation is 0.022 ng/g of paper/hour for a typical 30 MVA transformer with 2100kg of paper and 11700 liter of oil. This perhaps is because of low winding temperature of in-service transformers. The range of winding temperature reported by Hasan [6] is between 28ºC -64ºC for 15 MVA to 240MVA transformers. Hence, the average winding temperature is much lower than suggested limits of hottest-spot conductor temperature in normal life expectancy loading [11] in most of the cases. Table 3 tabulates the correlation coefficients of age of transformers, 2FAL content, winding temperature and relative humidity of oil/paper insulation system for those 30 MVA transformers with 2FAL content higher than 200 ppb. The correlation coefficients indicate that there is a good relationship between age and 2FAL content and relative humidity of oil/paper insulation system. Also, 2FAL content in the oil has a statistically positive and significant relationship with relative humidity (r=0.55, p≤0.05 ). It means that the 2FAL content in the oil increases when the relative humidity of oil/paper insulation system increases. Table 4 presents the mean value of water content of oil (WOIL) and moisture content per year of service of transformers and their standard deviations. Rated voltage of transformers and range of winding temperature and yearly evolution of moisture is useful to predict the condition and rate of aging of transformers in upcoming years.
III. CONCLUSION
The expected remaining life of the transformer depends on its working condition and moisture, acids and oxygen contents and they can be calculated by using paper degradation byproducts measurements in the oil. The statistical analyses showed there is a significant relationship between age of transformer with / ratio and 2FAL and moisture content of oil. Also, there is a positive and significant relationship between the 2FAL content of oil and relative humidity of oil/paper insulation system. The results confirm that level of 2FAL increases with an increase level of moisture content of oil. In contrast with 2FAL, relative humidity of the oil decreases with increasing of winding temperature. Consequently, for precise interpretation of 2FAL content in the oil, the moisture content and oil temperature have to be taken into account.
Finally, the load of transformers is increasing due to new demands and new electrical devices using by costumers. Therefore, yearly increasing of oil temperature and evolution of moisture in free breathing transformers and evolution of 2FAL content with the aid of statistical studies should be considered by electrical engineers for remaining life calculation of transformers.
